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During observations of spontaneous B.  enteritidls infection among 
special populations of mice (1, a), we noted the sudden appearance of a 
second disease which killed a  great many of the animals.  It arose 
first as an epidemic in late August, 1925, continuing in waves during 
the autumn and winter, and finally, in the spring, disappearing com- 
pletely.  A  second similar outbreak occurred in August, 1926.  The 
dead mice showed at  autopsy bilateral  pneumonia,  and yielded in 
cultures from blood and lung an organism resembling Friedl~nder's 
bacillus. 
The disease, in its sudden onset, high morbidity and mortality rates, 
its recurring outbreaks decreasing in severity, and its eventual disap- 
pearance, suggested somewhat human plague of the middle ages and 
the recent epidemic of influenza.  For this reason, it was chosen for 
study, and its manifestations analyzed according to the experimental 
methods  which we  have  employed in  the  investigation  of  mouse 
typhoid  (1,  b).  The  present  paper  describes  the  clinical  course, 
pathology, and bacteriology of the disease, and records certain special 
studies of reactions between the bacteria and their host. 
The literature on Friedl~nder bacillus-like infections,  save for that relating to 
pneumonias of human beings,  is scant and indefinite.  Human case reports of 
Friedl~nder bacillus lesions of various organs, especially lesions situated near the 
upper respiratory tract,  are numerous, however.  Abel and Hallwachs (2)  give 
references in which are described the recovery of this class of organisms from the 
atmosphere,  earth,  dust,  water,  and  slime.  Animal  strains  were  reported  by 
Pfeiffer in 1889 (guinea pigs (3)); Klein in 1889 and 1891 (guinea pigs and mice 
(4)); Weaver in  1897-99  (guinea pigs (5)); Skschivan in  1900, 1903 (rats (6)); 
Perkins in 1901 (guinea pigs (7)); Sachs in 1902 (rats (8)); Schilling in 1902 (rats 
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(9)); Toyama in 1903 (rats  (i0)); Aujeszky in  1904  (rats  (11)),  and  Xyiander 
in  1906  (rats  (12)).  Xylander  refers  also  to  communications on  the  subject 
by Yricke,  Wilde,  Fasching,  and  Gaffky.  In reading  these  reports,  however, 
one  receives  the  impression  that  the  organisms  described  form  a  rather 
heterogeneous group of capsulated bacteria, the effects on animals of which, were 
in  many instances, quite  different  from that  associated  with  typical strains  of 
Friedl/inder's bacillus. 
Since 1912, little has been written on Friedl~nder bacillus infection of animals, 
except for two articles by Holman (1916  (13))  and -Branch  (1927  (14)), in which 
the spontaneous disease in guinea pigs was described. 
The general features of the disease in mice, as observed by us, are as 
follows: 
Clinical  Course.--The  incubation  period  is  about  48  .hours.  When  a  few 
carriers are placed in contact with groups of 100 or more mice, a certain number 
dies within 5 days, while 50-70 per cent are dead within 2 weeks.  An occasional 
animal with signs and symptoms of pneumonia recovers, while a  small number 
seems to resist infection altogether.  Similarly, when a  culture of the bacilli is 
introduced artificially into the nares of mice, a  few animals die on the 2nd day, 
70 per cent by the end of the  1st week, and a  small number survives as nasal 
carriers or appears entirely refractory. 
Palhology.--In  mice  dying  of  this  infection,  the  autopsy  shows  subserous, 
petechial hemorrhages, such as occur in other septicemic infections, and extensive 
inflammation of the respiratory tract.  The lungs are inflated, uniformly red and 
moist, and the serosa is covered with a seropurulent exudate.  On section the lung 
tissue  is  red  and  wet,  contains  little  air,  and  the  exuded  fluid  is  viscid  and 
"stringy." 
The microscopic lesions vary in extent and degree.  In most instances there is 
dilatation of the interstitial capillaries, with or without accompanying interstitial 
hemorrhage and edema.  Many alveoli contain serum and, occasionally, red blood 
cells.  Beneath  the pleura  the congestion and edema  are especially prominent. 
In many cases there is a fibrinous cellular exudate over the surface endothelium. 
The more advanced specimens show perivascular,  interstitial,  and intraalveolar 
accumulations of mononuclcar and a few polymorphonuclear cells.  Blood vessel 
walls are infiltrated and generally surrounded by cells; bronchi and tubules appear 
normal 
When groups of mice are given small doses of the organisms  (200-600 intra- 
nasally), the pulmonary lesions described above are reproduced; and the differences 
observed are found to be related directly to the duration of life of  the  animals 
inoculated.  For instance, mice dying 48 hours after the instillation show perivas- 
cular accumulations of large numbers of bacilli, perivascular round cell infiltration, 
and  interstitial  congestion; while  those surviving 4  to 5 days show fewer  bac- 
teria,  diffuse interstitial  congestion and edema, and accumulations of leucocytes. 
After a longer period the alveoli are filled  with leucocytes. LESLIE  T.  WEBSTER  687 
The pneumonic condition is in general similar to that described by Branch in 
spontaneous guinea pig infections (14) and by StiUman  and Branch in experimental 
Friedl~nder infection  in  mice  (15).  The nature of the lesions  studied  by us 
suggests that the inoculated bacilli reach the lungs by way of the blood stream 
rather than by the bronchi (1, d). 
Bacteriology.--The  FriedlRnder  bacillus-like  organisms may be cul- 
tured from the nasal passages, lungs,  and blood.  Except  in cases of 
severe  septicemia,  they  are not found in the intestinal tract.  Under 
dark-field illumination they appear as large, non-motile, homogeneous, 
blunt  rods.  They  are  Gram-negative;  the  capsules  stain  vividly, 
TABLE  I. 
Cross-Agglutination Tests Made by Dr. Yuliandle with His A, B, C, and 
X Friedli~nder Strains. 
Strain 
~Iouse Strain 1 .... 
It  t~  2,.. 
t~  gg  3,.. 
tt  gg  4,  • * 
Friedlander Bacillus "A"  ..... 
gt  t~  ctBt,. 
gt  tt  ttC~ 
Group X  I. 
"X  II. 
Type A 
..  +++ 
Friedl~nder type sera: dilution 1: 5 
Type B 
+++ 
TnaeC 
+++ 
Group  X  Group  X 
I  II 
--  m 
+++  - 
-  +++ 
Strain  I. 
Serum 
I:3 
+++ 
+++ 
+++ 
+++ 
+++ 
and  Wright's  blood stain exhibits a  large  enveloping  material  sur- 
rounding  a  deeper  staining  substance.  Dextrose,  maltose,  xylose, 
salicin,  and mannite  are fermented in  24  hours;  saccharose  in  3  to 
4  days,  and lactose in 7  to  12  days.  Milk  is  acidified;  no indol is 
formed;  nitrates  are  reduced  to nitrites. 
The serologic reactions of the strains obtained by us are practically 
identical.  Sera obtained from rabbits by injecting  dead  and living 
cultures  agglutinated  all  strains  to  a  maximum titer  of  1:640.  No 
antigenic  relationship  was  established  with  other  known  strains  of 
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A  series  of cross-agglutinations  and  thread  tests  with  five of our 
mouse strains  and  with Friedliinder's bacilli,  Type A,  B,  C,  and  X, 
was  made for us by Dr.  Julianelle  (16).  Table I  gives the results. 
The five type sera of Friedl~Lnder's bacillus failed to agglutinate  any 
of the mouse strains, and the mouse strain serum agglutinated none of 
Julianelle's five type strains of Friedli~nder's bacillus. 
Colonies of the bacteria growing on agar plates from direct mouse 
autopsy culture are large, moist, and viscid, "stringing" easily on the 
platinum loop (Figs. 1 and 2).  Bacilli from young, single cell colonies 
show no mucous material.  At a later period, the entire colony, save 
for the peripheral zone of activity dividing bacteria, is composed of the 
enlarged cells, which in mass present a mucoid appearance. 
Growth requirements of these organisms are relatively simple.  No 
enriching substances,  carbohydrates, serum, "X", or vitamine factors 
need be added to plain infusion agar or broth, pH 7.0-7.4.  However, 
considerable sensitivity to temperature changes exists. 
Experiment  1  compares  the  growth  of cultures  at  37  °  and  23°C. 
Two series of tubes containing 5 cc. of plain infusion  broth of pH 7.4 were 
inoculated with different dilutions,  10  -1 to 10  -9, of a 48 hour broth culture of 
Mouse Strain 3.  One series was incubated at 37°; the other left at room temper- 
ature, 23  °.  Growth in the two series was compared at 24 and 48 hours.  3 days 
later  the  cultures  were  examined  by  dark-field  illumination,  by  staining 
methods,  and  by replating.  6  days  after inoculation,  the  numbers  of viable 
bacteria in each tube of the series were counted by the plating method. 
The first four tubes of the 37  ° series showed good growth at 24 hours; the re- 
maining five,  10  -5 to 10 -9 inclusive,  were sterile.  The entire series  grown at 
22  ° were turbid at 24 hours.  The original culture used for inoculation contained 
about 800,000,000 organisms.  Hence, as the findings  show,  an inoculation of 
100,000 organisms  was required to produce growth at 37  °, whereas  the smallest 
number, less than 10, grew at 22  °.  No further growth occurred at 48 hours.  At 
this  time, examination of cultures by dark-field  and staining methods showed 
autolysis,  great swelling, and reduction in numbers of bacilli in the tubes of the 
37  ° series;  the 22  ° cultures appeared normal.  Counts at 6  days showed  less 
than 100 bacilli per tube in the first four dilutions of the 37  ° series; the rest were 
sterile.  Plates of tubes of the 22  ° series averaged about 170,000,000 organisms 
per cc. per tube. 
The tests were repeated with other strains with essentially the same 
results.  Hence, the optimal growth  temperature is considerably less 
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The next experiment was planned to ascertain the duration of life 
of these organisms in fluid culture. 
Experiment 2.--Four flasks with 300 cc. of broth in each were inoculated with 
a 48 hour culture of Strain 1.  Two received about 12,000 organisms and two about 
10; actual counts were made immediately.  One flask of each dilution was then 
incubated at 37°; the two others were left at room temperature, 22  °  .  Counts 
were made of the numbers of bacteria in each flask at 3, 6, 25, and 52 hours,  and 
at 10 months.  The results are shown in Table II. 
TABLE  II. 
Growth of Small Numbers of Friedli~nder-Like Bacilli at 37  ° and 23°C. 
No. bacteria per ec. 
Time after inocu- 
lation  Flask 1: inoculation  Flask 2: inocula-  Flask 3: inocula-  Flask 4: inocula- 
10  -~ 22 °  tion 10  -2 37 °  tion 10-6 22 °  tlon 10-5 37" 
0 
3 
6 
25 
52 
I~10$. 
10 
12,000 
48,000 
70,000 
180,000,000 
325,000,000 
6,000,000* 
15,000 
9,000 
3,000 
0 
0 
10 
0 
30 
18,000,000 
280,000,000 
5,000,000* 
10 
0 
0 
0 
0 
* Rough variants 100 per cent.  No mucoid forms. 
Both incubated (37  °  )  flasks were sterile at 24 hours and remained 
so.  The two flasks standing at 22  ° , room temperature, showed good 
growth at 25 hours and viable organisms 10  months later.  At this 
time,  however,  the  mucoid colonies were  replaced  entirely by the 
rough variant  colony type.  Hence these  cultures are found to be 
relatively simple in their requirements and able to  survive for long 
periods of time at temperatures of about 20-24°C.  Higher tempera- 
tures, however, prove harmful. 
Colony type variation occurs readily with the Friedl~inder group of 
bacilli.  Hadley and Julianelle have summarized the reports of early 
investigators.  Hadley  (17)  found  that  rough  colonies  of  Fried- 
l~nder bacillus arise when cultures are grown for some days in broth or 
agar.  Branch witnessed the same phenomenon in the cultures from 
guinea pigs (14).  Julianelle noted transformations in his A, B, and 690  FRIEDLAND~EII BACILLUS-LIKE IN-FECTION 
C type strains grown in antiserum (16).  Our mouse cultures lose the 
mucoid colony appearance when grown in antiserum, and when kept 
2  or more weeks in  broth  or  agar.  The  variant colonies  are non- 
mucoid, quite small, opaque, with regular margins and granular sur- 
faces (Figs. 1, 2, 3). 
The  variant  mouse  strain  colonies  are  not  found  under natural 
conditions.  During the past  2½ years, we have  cultured the nasal 
passages of more than 2000 mice and autopsied at least as many more, 
and  obtained  only mucoid colony forms.  We  conclude,  therefore, 
that the variant types do not occur in recognizable numbers during 
either the interepidemic or epidemic phase of the native mouse disease. 
Single cell cultures from the variant colonies are relatively stabile 
in spite of various manipulations in vitro and in vivo, a reverse trans- 
formation from variant to the original mucoid form was not  accom- 
plished. 
Bacilli from the variant  colonies are, smaller than those from the 
mucoid colonies, and lack the enveloping material; otherwise the two 
resemble each other.  The  short  rods  are  Gram-negative and  non- 
motile,  fermenting  the  characteristic  sugars,  acidifying milk,  and 
reducing nitrates to  nitrites.  They agglutinate in  antimucoid sera 
to  more than double titer.  They are not  flocculated by sera from 
Julianelle's Type A, B, and C strains. 
Microbic  Virulence  and Host Susceptibility. 
We have determined the effects of different numbers of bacilli on 
the amount and severity of the experimental infection, and have made 
titrafions of the virulence of the same and different bacterial strains, 
over a period of more than 2 years. 
Technique.--The  general  principles  governing  the  technical  pro- 
cedures  of  these  titrations  have  been  described  elsewhere  (1,  b). 
Briefly, we consider it essential to reproduce the natural conditions of 
infection  as  nearly  as  possible.  The  dosage,  virulence,  and  host 
susceptibility tests are planned in such a way as to remove as far as 
possible  disturbing  variables.  Thus,  under  given  conditions,  rela- 
tively constant results are secured.  The circumstances most nearly 
reproducing the native infection are  adopted  as  a  standard.  This LESLIE T.  WEBSTER  691 
standard is then used for comparison for titrations of dosage, virulence, 
and  host  factors. 
Cultures are grown in a uniform medium and treated alike throughout.  Dosage 
is estimated in numbers of bacilli administered.  The bacilli, suspended in a drop 
of salt solution, are introduced through a small glass pipette into the nasal passages 
of each mouse.  The spasmodic inhalations of the animal aid the taking in of the 
fluid.  Mice from the inbred Rockefeller Institute  stock,  raised under uniform 
environmental conditions, about 12 weeks of age, weighing 18-20 gm., and not pre- 
viously exposed to the infection are used (1, c).  The inoculated mice are placed in 
separate cages. 
Standard  Curve.--At the outset,  the precision of the titration  tech- 
nique was determined  by performing a  number of titrations  in dupli- 
cate and observing the amount of variation  in the end results. 
Technique.--Strain 1, obtained on October 25, 1926, from a mouse in one of the 
special populations,  was used throughout.  For each titration,  a  subculture  in 
broth was made from the stock slant and grown for 48 hours at 23  °.  A dose of 
200--500  bacteria  per  mouse  was  found  to  represent  natural  conditions  most 
satisfactorily.  Hence each animal was given intranasally, by glass capillary tube, 
1 drop of a 1:10,000 0.85 per cent salt dilution.  This volume contained 200-600 
organisms, as checked each time by dilution plates.  The mice were chosen accord- 
ing to the  above specifications.  After inoculation,  each animal was numbered 
and placed in a separate jar.  The entire number was then divided arbitrarily into 
groups of 20, 25, 50, or 100, according to the amount used, and the mortality in 
each group was compared.  Dead mice were autopsied and cultured.  The results 
of these tests are summarized in Table III. 
On November 16,  1926, a  titration was made with 50 mice, divided into two 
groups of twenty-five.  Each group showed close agreement in amount and rate 
of death.  84 per cent were dead in each on the 18th day; none died thereafter 
(Table III).  On November 22, a similar test was made, resulting in a final mor- 
tality on the 42nd day of 86 per cent, with a variation between groups of 6 per 
cent.  A third titration on December 2 with three different doses and six groups 
of twenty mice each  showed total mortalities  of 92.5  per cent  with  a  group 
variation of 2.5 per cent (1250 bacteria per mouse), 90 per cent total and group 
mortality (380 bacteria  per  mouse), and 55 per cent,  with a variation between 
groups of 10 per cent (58 bacteria per mouse).  On December 16, a fourth test 
with two groups of twenty and a dose of 195 bacilli resulted in the death of 70 per 
cent total and 5 per cent group variation mortality.  A fifth titration on December 
20, with two groups of twenty-five and a dose of 960 bacteria per mouse, showed a 
final mortality of 90 per cent with a 2 per cent variation of group mortality.  On 
January 5, 1927, two groups of 50 each received 15,000 organisms per mouse, and 
two groups of 50 a dose of 115 bacilli.  The mortalities at  42  days were 86 per 692 
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cent with a 4 per cent and 57 per cent with a 9 per cent final  difference in group 
mortality. 
The  results  of duplicate  titrations,  of which the  above  are  a  part, 
showed that the experimental  technical error was insignificant;  hence 
tests  carried  out  as  described  above  proved  sufficiently  accurate. I 
Furthermore,  the mortality rate per day was found to be so uniform 
that  average figures were taken to represent  numerically the reaction 
of the Rockefeller Institute strain of mice to a dose of 200-800 bacteria 
of Strain  1.  These total mortality percentages,  when plotted against 
time  in  days,  formed a  frequency  curve similar  to  those obtained  in 
mouse  typhoid  studies  (1,  b)  (Text-fig.  1).  Hence,  measurement  of 
variations in dosage, virulence, and host susceptibility were compared 
IDr. John W. Gowen analyzed the data contained in Table III and commented 
upon it as follows: "Mathematically analyzed, using mortality rates and weighing 
them equally,  the variation within  the groups is  quite insignificant in contrast 
to the variation between the groups made at different times, indicating that the 
technique has been satisfactory, thus: 
Variance  Degrees of  Mean 
freedom  square 
Between groups  9  375.1 Z =  .927 where for P  =  .05 Z -- .56 
Within groups  l0  58.7 
"Two possible causes of the significant variation between groups are obvious 
in the data.  The first is variation in dosage, as indicated by the plate counts, and 
the second is seasonal variation, although the controlled environment of the mice and 
cultures make such an interpretation doubtful.  The data  are not well suited to 
attempts to separate these possibilities since the number of repeated titrations at 
different dates is not sufficient.  However, if the material be drawn as a graph with 
death rate as one coordinate and dosage of bacteria as the other, it is noticed that 
for dosages from 58-400 there is  a  rapid almost linear rise  in death rate from 
55-390.  At 400 bacteria the death rate becomes essentially the same to dosages 
up  to  15,000.  This  suggests  dosage as  the  important  cause  of the  variation 
between  groups.  Approaching the  problem  slightly  differently,  there  are  two 
dates on which groups of mice were given different dosages, December 2,  1926, 
and january 5, 1927.  Analyzing this data for influence of date of inoculation, the 
mean variance between dates is found to be 70 and within dates 433.  Clearly the 
date of inoculation played an insignificant part in the death rate.  As the cause of 
variation within the dates is the dosage, we may attribute to it the major r61e in 
causing the variation in the death rates within these data with influence of season 
or variation in technique as but minor and insignificant causes of variation." LESLIE  T. WEBSTER  695 
either with these average figures or with those obtained from a control 
group tested simultaneously. 
Dosage.--Observations of the spontaneous disease among the mice 
of the  special populations indicated that  contact with a  very small 
number of the bacilli is fatal to most individuals.  For example, sur- 
viving carriers in the mouse populations were found to harbor in their 
nasal passages but very few of the Friedl~inder bacilli, while mice from 
which fifty or more colonies were cultured invariably died within a few 
days.  These findings were confirmed by actual titrations which showed 
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that while a  small number of mice survived even a  maximal dose, as 
few as 500 bacilli per mouse killed about 80 per cent within a  week. 
Tests were made to determine this relationship more accurately. 
Experiment 3.--Strain 1 was transferred  from the stock slant to meat infusion 
broth, pH 7.4, and left at room temperature (23  °) for 48 hours.  Dilutions were 
then made in 0.85 per cent NaC1, counted by the plate method, and given intra- 
nasally to mice by means of a coarse capillary pipette.  Eight dilutions were used; 
each was given to twenty-five  mice.  After inocuation,  the animals were placed 
in separate jars.  Mortality records were kept and autopsies  done on all dead 
animals. 
The duration of life of the individuals of each group is plotted in 
Text-fig. 2.  The mortality rates of groups receiving 6,000, 60,000, and 696  FRIEDL~,NDER  BACILLUS-LIKE  INFECTION 
600,000  bacilli were quite similar.  No deaths occurred after the 9th 
day; one animal of the 600,000 and 60,000,  and three of the 6000 group 
survived  30  days.  In  the  remaining  groups  death  rate  and  total 
mortality were related closely to  dosage.  64  per cent of the group 
given 600 bacteria succumbed, 56 per cent of those given 168, 44 per 
cent of those given 122, and 32 per cent of those receiving 84. 
These tests show that small doses (less than 100 bacilli), given to a 
group of twenty-five mice, are fatal to certain individuals; that doses 
ranging from this to over 1000 lead to a progressively increasing death 
rate and total mortality in groups of similar size; and that doses larger 
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than 6000  organisms do not increase the number of deaths beyond a 
certain point.  Regardless of the size of the dose,  some individuals 
survive. 
V#ulence.--The  virulence of the bacilli  has  been  determined by 
tests similar to those described above.  The standard dose of about 
600 organisms was instilled intranasally.  Sufficient animals were used 
to run each titration in duplicate.  Strains of unknown pathogenicity 
were compared directly with known cultures, or indirectly by means 
of the standard curve described above (Text-fig. 1). 
Repeated  titrations  of  single  strains  over  a  period of  12  months 
showed no significant changes in virulence.  The results of the tests J~ESLIE  T.  WEBSTER  697 
on Strain  1 are given in Table III.  This culture has been kept on 
agar at 4°C. and transferred every 4 weeks.  It was obtained from a 
mouse of a known susceptible race (1, c),  2 days before the onset of a 
severe spontaneous epidemic.  The degree of virulence of the  type- 
pure culture was found to remain relatively constant.  Three other 
strains kept type-pure and tested in the same way showed insignificant 
fluctuations in virulence. 
Rough variants obtained from old broth or agar cultures proved far 
less virulent than the parent mucoid type.  The following test illus- 
trates this difference. 
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A mucoid type strain, No. 22, obtained from a mouse of one of the special pop- 
ulations, September, 1925, its rough variant, No. 23, and three other rough vari- 
ants from mucoid type strains isolated at about the same time were grown 48 
hours in broth at 22°C., diluted 1  : 10,000, and administered intranasally to mice. 
Each  culture was given to twenty-five individuals. The  mortality  record is 
plotted in Text-fig.  3. 
The mucoid culture, No.  22,  showed high virulence characteristic 
of the type, while its rough variant, No. 23, together with the three 
other rough strains, Nos. 21, 25,  and 27,  killed only very few of the 
animals--4.4, 12,  8,  and 4.4 per  cent respectively. 
A number of titrations were made of cultures taken from mice of the 698  F~RIEDLAN'DER BACILLUS-LIE  )NFECTION 
special populations in which  the  spontaneous  infection  was  preva- 
lent in  endemic and  epidemic form.  The  strains were chosen  under 
varying  conditions,  with  a  view to  determining  differences  in lethal 
power coincident with high or low population mortality, with cultiva- 
tion of the bacilli in  the  circulating  blood of susceptible individuals, 
and  in  the  nasal  passages  of  animals  resisting  infection.  A  chart 
describing the course of the  infection  among  the special populations, 
with  a  record of the days on which these cultures were obtained, will 
be published later; at present it will suffice to state briefly the amount 
of disease prevailing at the time each culture was obtained. 
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The method of titration  of virulence described in a  previous para- 
graph  was employed throughout.  Dilutions were made to  insure  a 
dosage of about 600 bacilli per mouse.  Due to slight irregularities of 
growth,  however, the  actual counts as determined by plating varied 
considerably  from  this  number.  Such  fluctuation  in  the  relatively 
small doses of these organisms given has  been  shown  to  affect death 
rate considerably (Experiment 3), and it is responsible, we believe, for 
the irregularities in some of the virulence curves. 
The results of the virulence trials with unknown strains have been 
compared either with the standard control curve for Strain 1, or with 
a  simultaneous control titration with Culture 1.  Each group of mice LESLIE  T. WEBSTER 
TABLE  IV. 
M~tali~ during Days after Inoculation. 
699 
Date  Dose  .Group 
11-22-26  720  1- 25 
Strain 1  26-- 50 
Total 
200  .  I- 25 
Strain 4  26- 50 
Total 
175  1- 25 
Strain 6  26- 50 
Total 
12-16-26  450  1- 20 
Strain 11  21- 40 
Total 
195  1- 20 
Strain 1  21- 40 
Total 
375  I- 20 
Strain 12  21- 40 
Total 
12-20--26  960  1- 25 
Strain 1  26-- 50 
Total 
225  1- 25 
Strain 13  26- 50 
Total 
580  1- 25 
Strain  15  26- 50 
Total 
1- 7-27  150  I- 25 
Strain  17  26-- 50 
Total 
Average age at 
death 
9.954-  1.07 
9.354-  1.04 
9. 614-  .75 
11.174-  1.16 
t4.904-  1.49 
12.914-  .95 
16.704-  1.12 
i3.004-  1.17 
[5.004-  .83 
5.444-  .17 
7.884-  1.08 
6.594-  .53 
9.924-  1.26 
8.334-  .90 
9.074-  .76 
7.464-  .83 
5.89:t::  .31 
6.824-  .52 
5.824-  .19 
6.224-  .26 
6.024-  .16 
7.184-  .31 
6. 894-  .27 
7.054-  .21 
7.114-  .47 
7.224-  .87 
7.174-  .49 
7.834-  .36 
7.094-  .25 
7. 484-  .22 700  FRIEDL'.~DEI~ BACILL~TS-LIIfJ  ¢.  INFECTION 
TABLE  IV--Concluded. 
Dat~  Dose  Group 
1-7-27  187  1- 50 
Strain 1  51-100 
Total 
110  1- 25 
Strain 16  26- 50 
Total 
1-19-27  400  1- 50 
Strain 18  51-100 
Total 
630  1- 50 
Strain 19  51-100 
Total 
2-28-27  500  1- 25 
Strain 34  26- 50 
Total 
590  1- 25 
Strain 19  26- 50 
Total 
320  1- 25 
Strain 33  26- 50 
Total 
540  1- 25 
Strain 32  26- 50 
Total 
5- 2-27  420  1- 25 
Strain 50  26- 50 
Total 
Average age at 
death 
6. 764-  .34 
6. 574-  .36 
6. 674-  .25 
8.064-  .97 
6. 264-  .37 
7.114-  .51 
7.434-  .33 
9.934-  .49 
8.434-  .29 
8.684-  .47 
8.244-  .40 
8.454-  .31 
6.624-  .35 
5.804-  .15 
6.224-  .20 
6. 504-  .25 
7. 674-  .62 
7. 104-  .35 
5.954-  .23 
7. 114-  .50 
6. 534-  .28 
6. 674-  .54 
6.414-  .29 
6.544-  .31 
5.914-  .17 
6.224-  .26 
6.054-  .15 
receiving a  given culture was divided arbitrarily into two  subgroups 
of equal numbers, and the mortality of each compared with that of the 
total group.  Hence a  mean daily mortality figure was obtained and 
the extent of deviation from this mean of each subgroup noted. LESLIE  T.  WEBSTER  701 
Test  I,  The  Virulence  of Freshly  Isolated  and  Stock  "Epidemic"  Strains.-- 
Strain 1 was obtained from the heart's blood of a susceptible Lathrop mouse, 
October 15, 1926, 2 days before the outbreak of a severe epidemic; Strain 4 from a 
similar animal, November 17, 1926, just prior to a similar wave.  Strain 6 was 
isolated at the peak of an epidemic,  August, 1925, from an individual of a different, 
though similar population.  Since  that time, it has been kept on plain agar at 
4°C.  On November 22, 1926, each strain was given to 50 mice which were then 
numbered and placed in separate jars.  Two groups of twenty-five  mice each were 
made arbitrarily for comparison  of results.  The dosage employed  was as follows: 
Strain 1,720 organisms per mouse; Strain 4, 200 organisms per mouse; Strain 6, 
175 organisms  per mouse.  The results are summarized in Text-fig.  4 and Table IV. 
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TExT-FIG.  5. 
The mortality of the groups receiving Strains 1 and 4 was similar 
throughout the period of the  experiment.  84  and  86  per  cent  re- 
spectively, were dead on the 40th day.  The final deviation from the 
mean of the subgroups was 8 and 6 per cent, and  the average daily  devia- 
tion 7.4 per cent for mice receiving Strain 1 and 8.6 per cent for those 
receiving Strain 4.  The death rate of the group receiving Strain 6 
was lower  during the  1st week but  deaths continued over a  longer 
period of time.  The final mortality was 74 per cent, with a deviation 
of subgroups from the mean of 6 per cent and an average daily devia- 
tion of  1.5  per  cent.  The mortality curves of the groups receiving 
Cultures  1  and  4  parallelled  closely the  standard mortality curve. 702  FRd~EDL~AVDER  BACILLUS-LIKE  INFECTION 
The two cultures, therefore, may be considered to be of equal virulence. 
Culture  6  seemed  somewhat  less  effective,  but  this  discrepancy  is 
believed to be due to differences in actual dosage of bacilli received, 
rather than to any difference in their degree of virulence. 
Test 2.  The Virulence of Freshly Isolated "Epidemid' Strains  Taken from the 
Nasal Passages of Healthy Mice.--Three strains were used in this test,--Strain 11 
was obtained from the nasal passages of a healthy mouse of the so called "Fried- 
litnder" population 1 day prior to the outbreak of a severe epidemic, and Strain 12 
from a similar mouse in the same population 1 week before the same  outbreak. 
Strain 1 was again employed as control.  Each culture was instilled  into forty 
mice.  The dose of Strain 1 proved to be 195 organisms per mouse, of Strain 11, 
450, and Strain 12,375.  The results are shown in Text-fig. 5 and Table IV. 
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TEXT-FIG. 6. 
The final mortality of the group receiving Strain 11 was 85 per cent 
with a deviation of the subgroups from the mean of 5 per cent and an 
average daily deviation of 7.4 per cent;  that  of the  group receiving 
Strain  12 was 55 per cent, with a  variation between groups of 10 per 
cent on the final day, and an average daily deviation of 4.9 per cent, 
while the final mortality of Strain  1 group was 70 per cent,  with a  5 
per cent variation and an average daily deviation of 5.6 per cent.  The 
apparent low activity of Strain  12  was  due, we believe, to undeter- 
mined differences in actual dosage received and not to a  difference in 
virulence. LESLIE  T.  WEBSTER  703 
Test 3.  The  Virulence of "Epidemic"  Strains Taken from the Nasal Passages o] 
Surviving Mice.--Strains 13 and 15 came from individuals of the same population 
as Strains 11 and 12, and were obtained at the height of the epidemic mentioned 
above.  The mice appeared healthy at the time the cultures were taken and sur- 
vived the epidemic.  Strain  1 was  run at  the same  time as a  control.  Each 
culture was given to 50 mice.  The dose of Strain 1 proved to be 960 organisms 
per mouse, of Strain 13, 225, and of Strain 15, 580.  The results are summarized 
in Text-fig. 6 and Table IV. 
The mortalities in all three groups were similar and approximated 
closely the figures of the standard mortality curve.  90 per cent of the 
Strain 1 group were dead on the 40th day, with the subgroups showing 
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a  final deviation of 2  per cent and an average daily deviation of 2.2 
per cent.  The mortality of the group receiving Strain 13 was 80 per 
cent,  subgroup  variation  8  per  cent,  and an average daily deviation 
of 7.2  per cent, and that of the group given the No.  15  culture was 
72 per cent, with subgroups identical at the end of the test and showing 
an average daily deviation of 1.3 per cent.  The three cultures tested, 
therefore, may be considered as equally virulent. 
Test4.  Tke Virulence of"Epldemic" Strains Taken  from Heart's Blood of lnfected 
Individuals.--Strain  16 came from a  susceptible  mouse of one of the  special 
populations designated "G" population, at the height of a severe and long epi- 
demic.  Strain 17 came from a mouse of another special population designated 704  I?RIEDLE2CDER  BACILLUS-LIKE INFECTION 
"Friedl~nder" population,  also during the plateau of a severe and long spontaneous 
epidemic wave.  Strain 1 was run simultaneously  as a control.  One hundred and 
eighty-seven bacilli of Strain 1 were given to each of 100 mice, 110 of Strain 16 to 
each of 50 mice, and 150 of Strain 17 to each of 50 mice.  The results  are shown 
graphically in Text-fig. 7 and Table IV. 
The mortality curves of all three series  are similar and follow quite 
closely the standard control curve.  The final mortality of the Strain  1 
group was 79 per cent, with a  subgroup variation of 5 per cent and an 
average daily deviation of 4.3 per cent; of the Strain 16 group, 72 per 
cent,  subgroup difference 4  per cent,  and average daily deviation 5.2 
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per cent,  and of the Strain  17  group 92 per cent,  subgroup variation 
4  per cent,  and average daily deviation 4.2  per cent.  The three cul- 
tures therefore may be considered to possess equal virulence. 
Test 5. The Virulence of "Epidemic" Strains from the Nasal Passages and Circu. 
lating Blood.--Strain 18 was obtained from the nasal passages of a healthy mouse 
of the special "G" population at the height of a severe epidemic.  The individual 
from which this culture was taken survived.  Strain  19 came  from the blood of a 
mouse of "No. 6" population, dying at the height of a severe epidemic wave.  Each 
culture was administered  to 100 mice in doses of 400 and 630 organisms per mouse 
respectively.  The results are charted in Text-fig. 8 and Table IV. 
The mortality of each group was almost identical, and differed from 
that  of  the  standard  control  curve  by  a  small  margin.  The  final LESLIE  T.  WEBSTER  705 
mortality of the No.  18 group was  70 per cent,  subgroup difference, 
14 per cent, average daily deviation  14 per cent; that of the No.  19 
group was 65 per cent, with a subgroup variation of 3 per cent, and an 
average daily deviation of 2.9 per cent.  For the instance of the large 
deviations in subgroups from the mean in the case of the No. 18 group, 
which  is  unique,  we  offer  no  present  explanation.  Nevertheless, 
these cultures may be considered equal to each other and to agree with 
Strain 1 in virulence. 
Test 6.  The Virulence of "Epidemic" and "Surdving" Strains.--Strain 19 was 
described in Test 5.  Strains 32 and 33 came from the lungs of two mice of the 
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"No. 6" population dying at the peak of a severe epidemic.  Strain 34 came from 
the  nasal  passages  of an  individual of the  same  population, which  had lived 
throughout the entire epidemic and was surviving and healthy in the interepidemic 
period at the time the culture was taken.  Each strain was administered to 50 
mice,--590 organisms per mouse of No. 19, 540 of No. 32, 320 of No. 33, and 500 
of No. 34, the results of which are shown in Text-fig. 9 and Table IV. 
The mortality curves resemble one another and the standard  con- 
trol curve of Strain 1.  82 per cent of the No. 19 group were dead on 
the 40th day.  The final deviation of the subgroup was 4 per cent, and 
the average deviation 2.7 per cent per day.  The final mortality of the 
No. 32 group was 70 per cent, with a final subgroup deviation of 2 per 706  I~RIIBDL~WI)ER  BACILLUS-LIKE  INFECTION 
cent and an average daily deviation of 1.5 per cent.  That of the No. 
33 group was 76 per cent, with no final difference in the subgroups and 
an average daily deviation of only 1 per cent; that of the No. 34 group 
was 82 per cent, with a final and average daily deviation of 2 per cent. 
These  strains  and  Strain  1,  then,  are  considered to be of the  same 
virulence. 
Test 7.  The Virulence of a Surviving Culture, Strain 35.---This  strain was ob- 
tained from the only carrier of the "No. 10" population, surviving a severe epi- 
demic wave which had occurred 2 months previously.  Within a week after the 
culture had been obtained from this mouse,  it ceased to yield the Friedl~nder 
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bacilli  and  at  about the  same  time the disease  disappeared entirely from the 
population.  Two groups of twenty-five  mice each were given the culture in a dose 
of 420 organisms per mouse.  The results are shown in Text-fig. 10 and Table IV. 
The mortality of each group is seen to approximate closely the figures 
obtained from the standard control curve.  This culture, therefore, is 
considered to be of the  same  virulence as  Strain  1  and  all  cultures 
previously tested. 
The precision of the virulence titrations is ascribed to the fact that 
the experimental conditions were arranged so as to eliminate as many 
disturbing,  unknown factors as possible,  and to  reproduce as nearly 
as  possible  natural  conditions  of  infection.  Hence  the  conclusion LESLIE  T.  WEBSTER  707 
seems justified that the virulence of type-pure mouse strains of Fried- 
l~tnder-like bacilli, with which we have dealt, remains  constant  under 
natural  conditions.  ~  Mucoid  strains  kept  type-pure on  agar  do  not 
2 Dr. Gowen analyzed the results of these virulence titrations and commented 
upon them as follows: "The results of Tests 1 to 7 inclusive may be analyzed for 
the influence of period in  the epidemic at which  the cultures were isolated in 
relation to death rate.  This analysis is complicated by the effect of variation in 
dosage.  There are at least two culture tests made for each group which will give 
some  appreciation of this  factor,  however.  Cultures  before peak  of epidemic 
were 1, 4, 11, and 12; at peak 6, 13, 15, 16, 17, 18, 19, 32, and 33, and in the inter- 
epidemic period were 34 and 50.  The material is set out below: 
Variance  Degrees  of  Sum of  Mean 
freedom  square  square 
Between tests  18  2990  166.1 
Within tests  19  1384  72.8 Z =  .412 where for P  ffi .05 Z ~  .43 
Total  ......  37  4374 
"The variation between tests is greater than that within tests, as in the previous 
results for Strain 1.  The significance of this difference is questionable, however. 
Z  -  but  .41  while Z for P  =  .05  =  .43.  Furthermore,  the variation between 
tests does not show the consistent relation when plotted against dosage of bacteria, 
that was previously shown for Strain 1.  In fact, the death rates appear to be quite 
random so far as dosage is concerned. 
"Two of the 18 degrees of freedom between tests are due to the point in the 
epidemic where the bacilli were isolated as indicated above.  Dividing the data 
thus the variance and its associated constants are: 
Variance  Degrees  of Sum of  Mean 
freedom  square  square 
Between epidemic points  2  150  75.0 
Within epidemic points  16  2840  177.5  Z -- .431 where forP •,  .05 Z ~  1.48 
Total  ...............  18  2990 
"The analysis of the data on the epidemic  point of bacterial isolation shows that 
the variation between epidemic points is much less than that within the different 
groups.  The conclusion is consequently justified that the epidemic point of iso- 
lation of the bacteria plays no part in the total fatality of the epidemic it initiates 
in the Friedl~nder disease of mice.  The differences within and between epidemic 
point groups are not significantly differentiated since Z  =  .43 while for P  =  .05 Z 
must be at least 1.48. 
"The  rapidity with which  the organism kills for  those  animals dying offers 
another measure of the possible effect of period in the epidemic during which the 
organism was isolated.  For the three groups as utilized above the average dura- 
tion of life for those dying was for the preepidemic peak 8.14 4- .26;* peak of epi- 
* Because of the skewness of the distributions these probable errors lose much 
of their meaning and must he interpreted with caution. 708  FRIEDLANDER  BACILLUS-LIKE  INFECTION 
change in pathogenicity; strains obtained from animals before, during, 
and  after epidemic periods,  and in interepidemic times all  agree in 
pathogenic  activity, and  strains  taken  from healthy carriers,  from 
individuals  acutely  ill, and  from animals dying of pneumonia and 
septicemia, are of the same high virulence.  On the other hand, rough 
strains,  developed in  the laboratory,  exhibit much lower  virulence. 
The rough variant types were not observed to occur spontaneously at 
any phase of the natural infection. 
DISCUSSION. 
Throughout the studies of spontaneous Friedl~inder-like bacillus in- 
fection among special mouse populations, the conditions of experimen- 
tation were so controlled as to permit an analysis of the main factors 
determining the amount and spread of the disease.  The cultures of 
Friedl~tnder-like bacilli used in the present study were obtained from 
mice in  these  special populations,  during various epidemic and  en- 
demic phases of the infection. 
Hence,  special attention is directed to the virulence titrations re- 
corded in this paper, since they show that strains of bacilli derived from 
mice at epidemic and postepidemic periods, are of one type, of uniform 
and constant virulence, and in these respects conform to the observa- 
tions made in earlier studies on mouse paratyphoid (1, e) and enteri- 
tidis (1, a) infections, and rabbit Pasteurella (1, f) infection. 
The results of virulence determinations reported by us  are not in 
demic group 8.11 4- .14; and interepidemic  group 6.14 4- .12.  Clearly  there is a 
difference between the duration of life of the third and remaining groups.  The 
bacteria of the interepidemic period appear to kill more rapidly and with less 
variation in time than those in the preepidemic or peak epidemic periods.  The 
drawing of this conclusion  does not appear to be justified, however, for if the data 
be examined, a clear association between the experimental  groups is noted when 
these groups are arranged by dates.  This association is largely due to the rela- 
tively long time which was taken to kill on the date of the first experiment and 
the short duration of life for the last two experiments.  When  the influence of 
the factor of time of experiment is removed the differences between the three 
groups of bacteria in the time with which they kill become insignificant,  or there 
is no detectable influence  of time of isolation of the bacteria and the duration of 
life for those mice which die." LESLIE  T.  WEBSTE~  709 
accord with  the  views  expressed  by Topley, Lockhart,  and  Green- 
wood, in their papers on experimental epidemiology.  These authors, 
it  is  true,  have  discussed  the  subject  of  virulence  rather  from the 
theoretical  than  from  the  experimental  point  of  view,  since  they 
report few actual titrations of the mouse typhoid organisms with which 
they deal. 
In order to make this  divergence of attitude  clear, we venture to 
review the papers of Topley and his associates at some length. 
In 1919 (18), a series of tests of virulence, without control observations, is re- 
ported by Topley, in which mice of varied breeds, without known history, affecting 
age, food, surroundings,  and exposure to infection, were employed.  SmaUnumbers, 
all kept together in one cage, were used for each test.  The culture employed was 
a stock strain of Pasteur Institute Danysz bacillus, fed on bits of bread.  Survival 
of the animals following this procedure was, for the most part, random and unpre- 
dictable, and yet the varied effects were taken as indicating fluctuations  in microbic 
virulence t~l~ng place during the experiments.  No other possible factor seems to 
have been considered, and the results were cited as evidence in favor of the thesis 
stated in the earlier paragraphs of Topley's paper, that "an increase in the patho- 
genicity of the specific parasite is an essential factor in the rise of epidemics" (18). 
That this view was premature and not conclusive is indicated in a later paper 
by  Topley's  associate,  Lockhart  (19),  who  states  that  "these  experiments 
(Topley's) were not,  however,  especially  designed  to  permit  the  observation 
of variations in bacterial virulence, other conditions being kept constant, and the 
conclusions based upon them must, therefore, be regarded as purely inferential 
and tentative" (page 50). 
As, however, Lockhart did not control the host factor in his own tests, and 
remarks, with reference to his own test inoculations by way of the natural mouth 
portal of entry, "It is quite certain that, using any number of mice between 20 and 
50, the form of the (mortality) curve will vary widely and in a random manner" 
(page 60), he resorted to intraperitoneal inoculations.  This procedure, although 
useful in some ways, throws no light on the behavior of host and microbe under 
natural  conditions.  (Lange'~  recent experiments  also  demonstrate this  (21).) 
Four of five of Lockhart's attempts to increase virulence by animal passage  were 
reported as negative; nevertheless  he states that while he has "not succeeded in 
controlling,  or varying at wil  L the virulence of a given strain of B. aerSryckv" 
(page 82), he does regard his tests as showing that '~uctuations in the virulence 
of B. aer$rycke certainly occur" (page 81). 
Another of Topley's collaborators,  Wilson (20), later confirmed a view held by 
us in stating that there is no experimental evidence to support the hypothesis of 
a geometric rise and fall of bacterial virulence. 710  ]~RIEDLANDER BACILLUS-LIKE INFECTION 
In other words, the point of view which has grown out of our  own 
experiments (1, a, 1, e, 1,f, and the present paper) and the latest views 
of Topley's collaborators are coming more and more nearly to agree 
with  each other. 
Turning again to the results reported in the present paper, one may 
say that  when the conditions of host  and pathogenic organism are 
adequately controlled, it is found that mice react to the Friedl~inder- 
like bacilli in the same manner as has been stated to occur with other 
native animal infections,--that is,  they do  actually differ in  respect 
to their native and acquired ability to resist infection (1, g).  In the 
case of the  Friedl~nder-like bacillus  infection,  as  in  the  instances 
of other mouse and certain rabbit infectious diseases, we regard the 
several kinds of clinical manifestations--the septicemic, pulmonary, 
local or nasal infections, and the carrier state--not as sharply separated 
clinical  conditions,  but  altogether  as  the  sum  total  of  the disease, 
each particular manifestation of which representing the momentary 
degree of resisting power of individual animals affected. 
SUM.MARY  AND  CONCLUSIONS. 
A spontaneous respiratory  disease of mice incited  by Friedl~inder- 
like bacilli has been described.  The bacilli inducing  the disease, while 
morphologically and  culturally indistinguishable from the  usual 
varieties of Friedl~inder bacilli, are  antigenically  distinct from the 
common type strains known.  The bacilli grow better in cultures  at 
23°C. than at 37°C. 
The disease in mice displayed an incubation period of about 48 
hours.  About  50 per cent  of an exposed population succumbed  to 
septicemic and acute  hemorrhagic,  pneumonic  processes.  Among  the 
exposed animals were some  individuals which remained  apparently 
well and carried  the pathogenic  bacilli  in their  nasa] passages. 
The several manifestations of the spontaneous disease were  repro- 
duced  by instilling small  numbers  of the cultured  bacilli into the nasal 
passages.  48  hours after inoculation, certain mice had  already 
succumbed; the deaths continued to occur, so that  by the  end of 
the 2nd week, ?0-80 per cent  of the animals had died.  Among  the 
survivors certain  carriers  of the bacilli in the nasa] passages occurred; 
a few appeared  entirely  refractory  to the infection.  The succumbing LESLIE  T. WEBSTER  711 
mice  showed  at  autopsy  and  by  culture  septicemia  and  diffuse 
pneumonic inflammation. 
No fluctuation in virulence could be detected in bacilli derived from 
mice while the disease was spreading spontaneously at the periods of 
epidemic  rise,  interepidemic  interval,  or  postepidemic  quiescence. 
Moreover, the bacilli cultured from the nares of apparently healthy 
carriers were equally pathogenic with those taken from the blood and 
lungs of animals succumbing quickly. 
No rough colony variants were cultured at any phase of the spon- 
taneous disease,  although they were readily obtainable  by  artificial 
culture.  The variant strains proved stable and of low virulence. 
This  Friedliinder  bacilli  infection  in  mice  takes  several  clinical 
courses, depending on variations in host reaction and not depending on 
bacterial  variation.  The particular  type of infection manifested is 
determined by the degree of resisting power displayed by the infected 
animals at the moment that the infection occurred and progressed. 
We desire to thank Dr. L. Julianelle for his kindness in titrating the 
mouse Friedl~tnder strains in his type sera, and Dr. John W.  Gowen 
for analyzing mathematically the experimental data on which a part 
of this paper is based. 
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EXPLANATION OF PLATE 33. 
FIGs.  1-3.  Mouse  strains  of  Friedl~nder's  bacillus. 
colonies.  × 5. 
Smooth  and  rough THE JOURNAL OF EXPERIMENTAL MEDICINEVOL. XLVII.  PLATE 33. 
Photographed by Louis Schmidt. 
(Webster: Frleditnder bacillus-like infection.) 